INTRODUCTION 5 1 In this study, we expected 1) to find morphologically cryptic species of the A. fluviatilis 1 0 7 species complex in the Montseny mountain range, 2) that different A. fluviatilis species 1 0 8 seldom co-occur in syntopy due to different ecological demands or interspecific competition, 1 0 9
and 3) that species show a pattern of strong population structure within streams or 1 1 0 catchments of the Montseny due to ecological preferences or local adaptation to bioclimatic 1 1 1 conditions in different altitude zones. In contrast, a weaker population structure is expected 1 1 2 between streams and catchments located in the same altitude zone, because bioclimatic 1 1 3
conditions are more similar here and A. fluviatilis is known to be able to disperse over 1 1 4 catchment boundaries, e.g. via vectors such as waterbirds. To test these hypotheses, we first analysed the mitochondrial cytochrome c oxidase subunit 1 1 6 1 gene (COI) to determine the number and distribution of Ancylus species found in the 1 1 7
Montseny. Second, we used a modelling approach based on bioclimatic variables to identify 1 1 8
variables that might help to explain the occurrence of species and third, we performed 1 1 9
population genetic analyses to investigate intraspecific partitioning of variation. Sampling was performed in the Montseny mountain range (located on the North East Iberian 1 2 4
Peninsula, Fig. 1a ) and the direct surrounding area in September 2013. 44 sites were 1 2 5 checked for the presence of A. fluviatilis, which was found in 36 of these sites (see Table A1 1 2 6
for coordinates). The three main catchments (Tordera, Besòs, Ter) and an altitudinal gradient 1 2 7 from 120 masl to 1295 masl (Fig. 1b) were covered by the sampling. Ancylus specimens 1 2 8
were collected by hand picking specimens from stones in the streams. All specimens were LCO1490 and HCO2198 (Folmer et al., 1994) . The PCR mix was prepared using the 1 3 9
following protocol: 1 x PCR buffer, 0.2 mM dNTPs, 1 µl of DNA template, 0.025 U/µl 1 4 0
Hotmaster Taq (5 PRIME GmbH, Hilden, Germany) and 0.5 µM of each primer. The mix was numbers AY350509 -AY350525) were downloaded and aligned with the sequences 1 8 0 generated in this study to verify assignment of sequences to one of the known cryptic The bioclimatic preferences of species were modelled using a maximum entropy method in used as predictor variables in species distribution modelling. To avoid using highly non-1 9 5 independent variables in the analyses and thus omit overfitting of models, a Spearman's rank beyond which values were treated as independent were 0.7, 0.8 and 0.9. All species 1 9 9
presence points were used to build the model; 25% of the presence points were retained for catchments, populations were classed as belonging to one of the three catchments (Tordera, 2 1 6
Besòs, Ter) and
Φ ST values between groups were calculated. was used to extract variable sites from alignments of the found species and PGDSpider 2 2 0 (Excoffier and Lischer, 2010) was used to convert these alignments files into the GENELAND 2 2 1
format. The settings used for running GENELAND were: Five independent runs with a 2 2 2 maximum of 10 populations, 300 nuclei, 10 million iterations, thinning interval of 10 000, 2 2 3 resulting in 1000 retained trees. The first 200 trees were discarded as burn-in. Ancylus was found in 36 out of 44 sampled sites ( Fig. 1b , see mainly (9 sites) in the 500-1000 masl zone). Group 3 contains sampling sites mainly 2 7 6 dominated by HC1_3 (500-1000 masl zone: 5 sites; <500masl zones: 3 sites) (Fig. 3a) . A 2 7 7 maximum of three substitutions were found between haplotypes of Ancylus C1 (Fig. 3b ).
7 8
Ancylus C4 showed significant population differentiation between the Tordera and Besòs sites and in single specimens only (Fig. 3c) . In Ancylus C4, significant population 2 8 5 differentiation was found between populations in the <500 masl and the 500-1000 masl zone 2 8 6 (Φ ST : 0.335, p=0.009) as well as between the <500 masl and >1000 masl (Φ ST : 0.667, 2 8 7 p=0.00001) zone. GENELAND found two geographically defined groups in Ancylus C4.
8 8
Group 1 contains four sampling sites located in the northern and eastern parts of the study 2 8 9 area, mainly dominated by haplotype C4_1 (>1000 masl zone: 2 sites, <500 masl zone: 2 2 9 0 sites). Group 2 contains 13 sampling sites in the mid and western part of the Montseny, 2 9 1 mainly dominated by haplotype C4_3 (<500 masl zone: 10 sites, 500-1000 masl zone: 3 2 9 2 sites)( Fig. 3c) . A maximum of two substitutions were found between haplotypes of Ancylus 2 9 3 C4 (Fig. 3d ). In this study, we investigated the number, distribution and genetic variation of Ancylus European scale, our study is the first that allows assessing the differences regarding small assessments by making it possible to assign correct ecological traits to species.
3 1 0
Our second expectation was that different A. fluviatilis sensu lato species rarely occur in 3 1 1 syntopy, possibly due to different ecological demands or competition. This expectation was 3 1 2 clearly met, as Ancylus C1 and Ancylus C4 occurred in syntopy in only 11.43% of the sites 3 1 3
and showed strong altitudinal partitioning: Ancylus C1 was found mainly at higher altitudes, 3 1 4
while Ancylus C4 was mainly found at lower elevations. As elevation is a good indicator for slopes at higher altitudes), the observed pattern hints at different bioclimatic preferences of 3 1 8 the two species. This is supported by the MaxEnt modelling approach, which suggests that 3 1 9
Ancylus C1 occurs in areas with lower mean annual temperature and strong precipitation area often inhabit different habitats due to different bioclimatic preferences or competition 3 2 7 exclusion principle (e.g. Fišer et al., 2015) . In southern Europe, cooler and precipitation rich 3 2 8 conditions are mainly found at higher elevations, suggesting that Ancylus C1 might be close to the southern border of its distribution range in the Montseny. For aquatic species, higher 3 3 0 precipitation means that more water is available during at least parts of the year, which is 3 3 1 especially important in generally dry areas or areas with high precipitation seasonality. It 3 3 2 appears thus possible that Ancylus C1 is more relying on constant flow of streams it inhabits, 3 3 3 while Ancylus C4 might be able to cope with intermittent conditions in streams and generally 3 3 4
higher water temperatures in lowland streams. This is especially important in the light of Montseny show a division into lower altitude and higher altitude populations that differ 3 4 7
genetically. Ancylus C1 populations from above 1000 masl significantly differed from 3 4 8 populations below 1000 masl, which was also affirmed by the GENELAND results. Ancylus 3 4 9
C4 populations from below 500 masl differed significantly from populations located above 3 5 0 that altitude, likely due to the fact that the common haplotype C4_3 was found mainly below 3 5 1 500 masl. GENELAND, however, did not confirm the existence of a haplotype group altitude and lower-altitude populations could hint at two phenomena, possibly in combination:
One possibility is that A. fluviatilis sensu lato species are weak dispersers that rarely migrate freshwater gastropods (Kappes and Haase, 2012) . However, at least A. fluviatilis sensu 3 5 9 stricto has been shown to disperse over longer distances (Cordellier and Pfenninger, 2008) , 3 6 0 e.g. via passive transport (Rees, 1965) . The second explanation could be that populations 3 6 1 from higher and lower altitudes differ genetically due to selective processes, having adapted 3 6 2 to the different bioclimatic conditions. This corresponds to findings in other studies that found 3 6 3
high-altitude populations of species to be genetically different and potentially adapted to
harsher bioclimatic conditions (e.g. McCulloch et al., 2009; Dussex et al., 2016) . Fast observed in the Montseny more likely. GENELAND analyses hint at Ancylus C1 being a 3 6 8 stronger disperser than Ancylus C4, as the common haplotype C1_1 was evenly found in all 3 6 9 three catchments, while a clear East West division of haplotypes was found in Ancylus C4. Dispersal through waterbirds or mammals, as has been found in snails and other freshwater Fišer, Z., Altermatt, F., Zakšek, V., Knapič, T. and Fišer, C., 2015. Morphologically Cryptic 5 1 3
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